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The general problem wes to utilise & preportionsl 
sounter for observing nusleer reactions induced in proton 
bombardments by The Ghio State Univereity Yan de Graaff 
electrostatiea generator. 

The proportionsl counter, ‘degigned by Commander 
Ae 3B. Chilton, wae modified and improved by the eddition 
of #2 rezetion collimster and eleetrostatia shielé between 
the eensitive volume and reaction chamber. The pertionlar 
problem investig®ted wag the elsatic sesttering of protons 
by ®rgon gas. The gaseous target and filling gee of the 
counter were the game: 90% argon ani 10% co, under 50 mm. 
(He) presgure. Seettering angle in the laboratory syeten 
wae 150°, A proton beam ourrent of about 0.2 - 0.3 
misroamperes wie integrated in eyelee of 10.9 mieroconlombs,. 
or about 6000 sounte per minute. 

Elastic seattering rate wag inveetigeted for proton 
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reaetion energies from 719 to 1133 kev. “he general 
trend followed closely the predicted geattering obtained 
by e@dding the croeseecetions due to Coulomb vrotentis] 
and that due to & hard sphere type of @e¢ttering. A 
definite snomaly wee observed at 908 210 kev. ‘Since the 
experimental resolution wes of the order of 20 kev., no 
attempt was mede to compute the resonance width from the 
energy apreed of the extrema. A secon! run eonfirnet 
the existence ané shone of the *nomely. “he energy of 
thie resonence in "on agrees clovely with Inveatigztiona 
made by Brostrdm, Haus, 2nd Zooh in 1949 (Nature 162, 
695. ) 
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Dre John BH. Goorer for his words of encouragement, hie 
interest in the problem, sad sé@vice in operstion of the 
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The problem in gener®i wie to investigate certain 
proten induced resetions using @ sengitive ant highly 
digorimineting proportions] counter. The Van de Graeff 
generator st The Ohio State Univergity provides a aeurce 
ef protens of fairly diserete energies within the range 
of 0.3 ani 1.6 Mev. ‘the resetione iniusef in targeta made 
of various materials were to be detested by means of a 
sengitive proportional counter. Then used with « linear 
aaplifier Asving ® Aivgoriminesting sirenit, &® method wag 
provided for detecting ond Alesriminating between proton 
groups or between protons and slphe prrticlers. 

Originally, it wae plonned to investigete the {pa} 
retstiong in light nuclei using #@ & target very thin 
niskel or sepper foil, Tiffileulties were enoountere? in 
monitoring the beam with « golid target inatelled, especi-~ 
@liy eince the beam current hed to be kept down to the 
order of Occl alcroempere to aveid eatureting the sounter 
with reeoll protona. Juggestions for sorresting thia 
aiffioulty sre disenered in Sestion VI. Penéiag further 
modifiestion of the target sesembly, it woe deaided to in- 
vegtignte elsstie vsaattering from the argon uaed eo & 
counting g°e in the ehember. “hie type of experiment per= 
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mitted vieual monitering of the beam while aging low beam 
ourrenta@. 

Two possibilities were reesognized: (1) enomoliee in 
the elastic scattering would indieate resonanees in A and 
(2) 2 low enerzy (p<) reaction ie energetically possibile 
from atomie maze considerations with Q = 41.64 Mev. The 
shence that the latter resetion might heave &® lerge orosa- 
section wee deemed to be very remote beeanse of the high 
Coulomb barrier of arzon to both inegident and emitted 
perticlesa. The reaction is eq follows: 
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+ plte* + @ (2 1.64 Mev.) 


The (pen) resstion fer 4®0 wee ruled ont on account 


ef a negative Q of appromimately -1.7 Mev. 
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heattering vhenowmens belong to one of three geners). 
glasees: 

(1) Mleatie (Goulomb or Tutherford) sasttering. 

(2) Imelewtio soatter ing. 

{3} Rewononce sontterineg. 

Rl«etia aeattering ocaura vhen the cinetie energy of 
the eyatem le aonserved. In the ouge of ® feat Light 
particle “solliding* with « heevy glow soving porticle the 
light particle hee Glnoat the enme energy after gollision ae 
before. “utherford's origins] theory of the etomle nucleus 
wee verified by experiments in which the eleetia soattering 
of d-perticles from thin geld foile woe obverved. Ne ne 
gamed thet the proeitive ohare of the gol nuclene woe con- 
aentrated in & amfill volume which aontnined moet of the 
atemiec gaat. Chia sharge wae goneldered ae a point sherge 
whoge ¢leatria field antiafies the Seulomb Low of “enulelon, 
The exaat 4efleeation of gmail positive charges euch #e 
Slphea wonlé deren? on the initial path of the portiale 
with reapect to the bomberdes mugleus. Tlretia meattering 
will be oovered in greater detall in the next seetione 
Inelegticg Sontter ing. 

If the ingident portisle penetrates within the Coulomb 
berrier go that the short renge nuclear foroee come into 
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gleay, kinetic energy “ni momentum vill not be severstely 
conserved. Some of the pertiele energy ie traneferred to 
the nucleug which goer te an exeited quantum 8% te. the 
traneferred energy is emitted s@ & gama nhoten when the 
nucleus, »fter emitting % particle of the ease kinf as the 
insident particle, returns to the ground state again. Sneh 
& proceaga ia inelastic aeattering. ‘The problem of inelastic 
seattering hee been treated by Born’ ae ner curbation 
vroblem in guentum meahenies. 

Inelestic asattering of protena hes been investigezed 
by several workers: “eke ond Mershall (i945); Wilkine 
(1941)"; Devie ont Haffner (1949)*; Powell, May, Ghadwiak 
and Piekavenee (1940)9; rulbright end Bush (1948)°; ana 
“hoder iaek (2950), 

Wherexs, eleatioslly eenttere’ charged portioles are 
geottered mainly in the forward direation, inelsatically 
gaettered poartieles tend to © syuwmetries] onguler distribu} 
tiem. Thia indiestes the formation of © sompound nucleus 
from which the entering portiele is re-emitted with epherical 
oymme rye 

Inelastic seattering of protons usy be thought of ae 4 
(p.p) resetion in which the proton leaves with a lower kinet- 
io energy. ‘The seattering nucleus ie reieed to an exaited 
state at the expenge of the kinetic energy of the syotenm. 
Obeervation of the energy epectram of the seattered protons 
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gives itaformition ef the muclear Level involved, Before 
imterpretation san be asde of the regulte, the sowwibility 
of eush « reeetion «#7 that shown in Pigs iff) met be ox= 
sindea.” 

Be 
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The progeee diagreuzed in Pige 1{b} producer inelne- 
tloslly eanttered sretong bat deew oot involve any excited 
statee of the regiausl nevleug. Rhoderiex” gtates that the 
probability «% meet of meh & orowega taking plese fe only 
yne-thougtndth be great oa thes of « direst traneition to 
the ground atate of Be “hie fa for lese probable than 
eiaple espture, whigh ia turn ie fer lee likely then 
emi geaion of & proten, beonuse of the gualiness of the 
rodlative width of molear levele. “e oon therefore sa- 
game thes inelegtiec #eattering fellevwe the psttern of 
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Pige Ifo), ond therefore the logs of snersy of the pro- 
ten {in the senter-of<mee ayeten) te equel wo the exeli- 
tation energy of the reaidual sneletia.s | 

Pieke and Kar ghel.® point out thet fo,n) resetions 
eve uueh more likely than (»,p) renetione due to the dou- 
lom barrier. Thus, if the {p,n} renotion ie energetianliy 
powible, ome vould expest very Little {p,p) inelestio re~ 
Setione, inbatansee moet euitable for inelestia proten 
eeatlering «re thooge with high (p,n) threrhol4da and these 
are foané goetiy in light ouelei,. 

Powell, et a°, obtained information on probability 
of seattering ot sagles of 18° chrongh 160°. Inelaetiealiy 
eesttered protene from meen were foun to be o4etrihuted 
with goherien] eyometry. te inelantia pretone were ob- 
eerved in oxygen un to 4 Kev. (Chlorine «nit argon were ine 
weotiguted and the ratio of inelagtioe to elostia saatter- 
ing wig Very mach emailer than in the ence of neon sorres~ 
ponding to the dearease’ probebility ef pretone entering 
the maeieug vith inore:sing nuclear charge. 

When the bewbording portiele penetrates the anelear 
borrier te fors © sempount mugleag, the eoattering seager 
to be purely ¢lietie tnt heaomes a trangmutatiion progert. 
Biatertieally, the firet ef these prosesven” wag ~athere 
fora‘e bombardment of altre@en in 1919 with slehe por= 
tieles te ferm omygen In the greunt etate with the emie- 
a#ieon of © preoten. The equation for thie reaetion ies 
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The firgt sucvereful digintiegration utilising protone war 
performed by Groskerezt amd Valten in 1982," Protons rere 
eeo¢lerated in « hyirogen digeharge tube up te 025 Meve ani 
used to bomberd Lithing; alpha portieles were observed on a 
fluorescent gereen. The reaction®%.21 42, 


ga” a r® otabe’) o atet , get, Q {#17015 Mev.) 
thhe renction hes now been studie¢ by meny observere ant is 
eo well known *e to be s ealibrating renetion. 

Other laportant (p-«) resetions gaumerised by Tavingstton 
end Bethe in Rev. Mod. Physe 9, Sil (1957) were reported by: 
Seuert; Kirehner snd Neuert**, Olinhant, Kempton, sani 
nutherfora*5; pee and Gilbert**; unt Hemierson, Livingston, 
and Lowrenae™®, 
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At eertain proten energies the wrobability that the oxe 

aitation energy of the compound nucleud ie close to one of 

the quantam estates ie high, ‘The probability of the formation 

of the eompound mucleuc, therefore le great. “uch * eondition 

ig e#llet regonange. It sorreeponte to the exeltation of a 

meshanigal eyeten then en luapreeged force oselliater with a 

frequency near the mechanical resonant frequenaye*® 
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to note the disappesrence of ineldent porticles, that Le, a 
peek in the oroes-gection fer onpture. Another method iw 
to look fer ingreige4 effeate sovosiste’ with the formation 
of & compound nucleus. These would be « penk in elther 
gemas emigeion or produation of some other porticle then the 
ineident particle euch ee the (pea), (d=), (nen), (nep), 
ete. Still another method ie to observe *nom@lies in the 
elestic seattering of protons of which more will be anid 
in the next seot lone 

If games reyes only “re observed, Tee Henvy pertiele 
emiezion ia impossible, the quantauz fer exelted) stete is 
eelled 4 bound atete. If purticles oon be emitted (p,«, or 
n) however, the state is aulled © virtusl e@tete. Mnergy 
levele in light nuslid4ee ore beginning to be fairly well 


trown end heve been reviered ond sumeerised by vorione 
17,18 


a atetes that observation of 4lgsrete resonanees 


in muslei of 2750 is not likely since the rroten energy for 


eriteré. 


epereetoble yields (~3 Mev.) sorregponde te on exaltation 
energy of the compound nucleus in exoese of 10 Kev, “% which 
energies the level spacing of quantuxn states ie probobly lesr 


than any energy resolution experinentally stteinable. 
The wean life of on exsited estate is relstet to the level 


width by the uncertainty relation: 
[ = level width 
rts oe where ¢ + neun life 
| i h g Mionek*e aonstant 


Thie eye thet well defined eteoter have long lifetiner, and 
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gonversely, Tith the high exeltetiones nesexeary for heavy 
auelifes, the levele beoume wider then the mein interwal 
between neighboring levela. Proton resoenvnees heve been ob= 
served only fer nuclei of & u» te 20, the prosevece observed 
were {p,V), (p,4) om4 elestia sentteringe 


Preemin and Baxter?” aS 


found (p,¢) resonuneee in Ma" at 
proton energies of 590, 750, 800, om 910 Kev. with Q @ 2ei4 
Mev. snd 41°? at proton energies of 650,750, ont 920 Seve 
with @ 21.32 Hev. 
Resonances in X* gue to proton dowbordment of A@°? hove 
been reported by Brogtrfm, Huns, ond tooh™ a9 foliews: 
z,, {eve} 900 1050 1080 1100 1236 
7°, ek Qed O05 120 06 
where 7 « ¥, 2 difference between rewonsnee yield, y, in 
counte/ AC, und beekground, y, which wea sbomt 6.1 for all 
FO SONNE Be 
Proton senttering experiments using the Yen de Grant? 

generstor i¢ © source proviie 2 mneang for initiating reson 
anee phenoment. Obgerretion of these farnicher informe tien 
en the exalted atetes of the compound analens. Tome of the 
requlte obtainable from the etady of resonance venks are: 

(1) Wmergy of excited state, 

(2) Mean lite of excited states, 

(3) Interference between exeltes #tetes, ont 

(4) Modes of deany of exeited states. 
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49 steted in Seation TI, eleatie wenttering oveurg 
when the Kinetio energy of the eyetem le concerved. Por © 
pure Coulomb potenticl, Ver we Rutherford derived from 
purely dlig¢ie+l songiderationes © formals for the 4ifferen- 
4141 sroea-seetion: 
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where O = soattering angle (d4evietton) 
@ = ¢lestronia shurge 
2 = utemia no. of ineident pertisle 
& « Gtomle no. of senttering nualeag 
£ we Kinetie enerzy of ineident rortiale 


Being » long ronge type of potemtinl, o;7(©) ie etrongly de- 
pendent on the onzle of stering. Pigure 2 ig a plot of 
the feetor: 12 showing thet Conlosb (Tuther ford) 
at oa 
wn) 
aeattering is metiy in the forwird direct lon 


Lante = treata the problem from & wove meahanien) 
point of view where @ mo@ified Coulomb potential” 42 gon 
glidered 2g & perturbation. 


The sedified potential ia: Ur) « sae® exp 6 x | where 
¥ ., 

where r, ig & poremeter whieh limite the Goulomh foret. 

Sach & medified potential setucliy existe for eherged par- 

tieles seattered by neutral «tema, “he solution of thie 
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Yields “ grose-sestion which hae © finite volae at Ow 6, 


Vide, 
2 Zz 
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When rg = ©, the formul® is the same s@ the Putherford 
formals, but for finite r_,0(0) rewine finite at oz 0. 

The sbove formulee aonly for senttering of protone by 
ierge nuclei but not for proteneproton eanttering due to the 
"“exehonge” foresee between Like perticled. 

The differential srega-eection ig & retio of the number 
of partioles eenttere4’ per unit aolid angle (eteradian) in the 
direstion 0 to the nunber of ineldent porticles per unit srea. 
The number of perticles per unit eo1f4 onrle, af6), santiered 
in the direction 0 ig therefore: 

a(6) = %,%t0, (6) [Phie aweumea thet omltie 
thet the mainline comune te oak a 
one *nother.] 

where n. 2 initirl no, of incident perticles 


GB s "0-4 of eant Ser ing atoms per ge volume 
$ « thieknege of aon ttering medium flineer anita) 


In eatimeting erese-sestion for ¢lietic seattering three 

featerea must be sconeidered : 

(1) Medifiextien ef the incident beam by the Coulomb 
field before reaching she nuslear forees. {iinther- 
ford geattering. ) 

(2) Potential sesttering by & epecifieslly nuclear fiel4 
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of fora. 

{3)Seuttering ia whieh » compound muelens ie formed, 

Using the “utherford formule ond cesguming our deteats 
ing @pperatas gounte geattered protong 4% 8 conatant engle, 
6.» from the incident beam, we oun plot the noe of gon tiered, 
protens ee fanetions of beam energy. Velng arbitrary unite 
for sounting rete of 100 protens/see, ot on energy of 1 Mev. 
the reletion ia: 


nit) es oe (protona/zec. } 


Thie ourve ig plotted in Figure 3. 

Anomilies or devistione from the counting rate predice 
ted by the “uthergord formule will be feon4 fer certain ene 
ergica of the ineldent pertiele depending on factora (2) 
ema (3) sbove. If the enerzy of the incident proten vlag 
the energy of the seattering auelene ig equel to the energy 
ef one of the quantum states of the aompounnd nuglene, ance 
miloug goettering will occur. sira”® @ieters that anomelour 
eonttering thet insreagee slowly vith inecrearing porticle 
energy indiesates penetration of the nuclear berrier: ond 
fnomalouge eoattering that inereaves rapidly to @ maximum 
and then decresgeg *# the energy ia further inoresved ine 
aiastes resoninee goatteringe 


Resonenge Sout tering. 
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eoattering consiet of, it is necess*ry to look st resonance 
gseattering and nuclear potenticl seattering. “he former oo~« 
eure when the compound nugleus is formed in on exeited state, 
the latter oecure in that region where the nuclear forces are 
felt by the ineident perticle but without the formation of a 
eempound nucleus. For protons on avclei of much heavier 
mess, nuclear potentiel geattering can be coneidered ss emali 
somupared to pure Coulomb seattering. Yor neutrons, hovever, 
potential scattering by the nuclear forces ie a large factor. 
Peshbach, et ai.25 using Breit-Yigner theory, develop 
& formuls for elestice seattering oress-section near & reson= 


enee level for portisles of *nguler momentum zero (1 » 0): 


r 4 
I 
a 
Te = 4 + erties sin(225) 
t 6 ‘* A 
where: [= pertial level width due to the reemission of 
&@ s pertiele like the incident portiale. 


s totel width of resonence. 


& = nuclesr reding 

Eps energy at resonance 

Ze energy of incident particle 

A deBroglie weve length of incif@ent perticle 
The first term between the bere represents the revsonance 
eeattering, the second represents the potential souttering. 
If only potential seattering were present, the senttering 


crose-sestion would be given by: 


SS snnsmmanent 
— 


2 
o- A sin® (282) which is the eoattering due to 
pot 7 A 
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aa impenetrsble ephere of rediug %, 

If potenticl soxnttering ie negleoted, the croce-recction 

becomes thet due to © single resonenee level: 
Peay te 
a(E« z,)* *f* 

Sinee the magnitude of the potentisl geattering @eneniec 
om the term: ein (2za), it onmn be seaumed that it ia negli-~ 
gible 4% low vroton energies Ime to the inercteving velue 
ofA. && preton energies «bove 0,700 Vev,. it dors beaome 
eppresiecble; the auglesr rsdiag for 4#° gumputed from: 
aw 206 AVS 5 107M on, t0: 2 o Sele x 20°! om, ant 
Ae 8.91 x 107* om. for & Mev. proten from which the value 
of ain GE) is 0.086 ond ain’ (2E°) 2 0,705. 

The sombined effects, however, inolude srose-teruea 
whieh repregent interference vhenomens between resonanee 
end petentianl westtering. At certain shige reletions be- 
tween the two wives, destructive interference occurs and at 
others, sonetrugtive interference occurs. 

If there sre only tvwe roeeible onteomer of « nnolear 
eellivion, for example, re-emission of the incident particle 
or formtion of a sompeund nucleng with emigrion of a 4iffere 
ent portiole, then we speak of partial 4isintegrstion son- 
atente, | a ond i? « These sre portial level widths for the 
two competitive processes and the total level wiith is 
simply: 
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If, hovever, there sre other poesible weye fer the sompound 


nusleus to break up then the totel width ia: 
5 BPs i? = [; » there F refers to ®ll the other 
posgible modes of digintegration. 
Fer the reaction, 
a*+A— B+ b 
the Breit-Yigner crose-section for emission eof particle of 


type b ie given by: 


oz Mae [ale 


on ee es 
Thies aggumes zere anguler momentum of the compound nucleus, 


ie@e 1 = 0, and neglects effects due to apin of particles. 


Seattesinee between Regonanse Scattering end Coulomb 
Ca 7 


Detection of regonance seattering in the presense of 
etrong Coulomb seattering may be extremely difficnit. 
Devens” gives a very simple method for estimating the con=- 
ditieone under which 1t is poewible. 

If we tagume that no other proevess than resonance 
sesttering hig scompercble probability at regonance then ve 
mey vet [ = ty ond Es E,e The resonance differential 


eross-aeotion then reduces to: 
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Thie megleat2 enguler momentum of the oomround state oné 
intringis angaler momente of the initiel nmeleue om inele 
dent protom, A spinestatictienl feater ef orier unity, s, 


le introdased by Fermi”, Wise, 


g 2 $C = ren): where qT, 2 ein of seattering nnoleur 
a a i. 2 erin of proton 


aad apin of the ecmpount nucleus, ty 2 tT, ts e 


Then, the regonence orogs-seation is: 


The retie of regonence ee*ttering to Coulomb geattering at 


resoninee ia then: 
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In pragtice, thie ratio will be further reduced by « 
Leotor, E if the level, width, ls iw leea then the 
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energy apresd, $%, of the sexvttered protons. Pevone*? 
pointe out thet resonence sexttering will be most revdily 
detesteble for gmall 3, lorge seettering onglea (~ 190°} 
ead for energies B for whieh the level width (strongly 4c 
pendent on FE @ue@ to barrier penetration) io aompeorable to 
the expecrimentsil regolation sad yet not so large that dig@ 
erete level structure @leaprears, It ta “lve neseseory te 
sgoume thot there la mo other process wore probable then 
elegtis soittering. 

Yor proten energy, B, 2 1 Mevse, ae%tvering engle Os 160°, 
using srgon ce the gonitering nucleus, & 9 15, the ratio 


oF gwen & 


Te $% 

In ether worde, if the energy revolution wheuld be es much 
as five timea the level width, the rutile of moximum regen 
enee geutiering to Conlomb sentvering (neglecting other proy 
eeeved) would still be about two to ones | 


Sethe'e Forma. 

Bethe” derived on expresaion for the ratio ef tetal 
eeattering to Coulomb eaattering neur © single resonance 
whieh insludes provieion for tote] eneuler somentum oni 


apin of the sonttering noslene ond ineident portiele: 
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Re eis — en + 4 uteias + op x cook 
Ce (2. + L)(2e + 2) + 
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where: oO 2 total seattering eroga-section per unit 
solid nee 
OC. = Coulomb (Rutherford) eeottering crose-seetion 
2 = total enguler quantum number of the compound 
nucleus 
@pin of eenttering nucleus 
epin of incident perticle 


2 (8 - &) 
r 
EB = energy of ineldent perticle 
E,> energy &t resonance 
[, = 


tetal level width 


ett 


ve: 
e= = F. ain® (2) 


i @ pertial width of resonanee level 

° (oorresponding to emission of the ineident 
perticle P with the scattering nuelens beine 
left in the ground eatste p) 


a log sin® (8) 


2 #oettering angle in center of mise scoordinstes 
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= Veloeity of incident pertiole 
= atemiec number of sovttering nucleus 
= © 
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P,f gos ©) = Legendre polynomial of order J 


215% e! bot (n 4 iv)? 
1 ney 
If we Seeume thet the only energetiatily possible pro- 
eess other then gesttering of the incident perticle is gem 
m emiesion “nd gince rediation widths ere negligible com- 
pered to particle widthe, especially for light nuclei, fer 
S11 prseticel purposes we mey take, 
r 
Pes 
ie 
With this ageumption the constants for Bethe‘'s ratio heve 
been somputed for the partiouler experimental “rrengepent 
uged for the present problem of scattering of protons from 
argon °% an angle of 150°, agsuming i = 0 and » «4% (ref- 


2 
erence 24), 


R « = = 1 + 0.324 (23 +1) (0.260 42.962 x) / (1 4 x*) 
igh 


If we aseune Me = 50 Zev., then x = 40(F - Ej). Using 
this value end J = 0, the sbove ratio ia plotted in Pig. 4. 
This ourve shows the generel shape of an anomaly in the 
Rutherford eeattering. Ueturally, thie anomaly will be 
superimposed on the Rutherford seattering eurve which is 
plotted in Pig. 3 for arbitrary unite slong the ordinate 
using 100 2t on energy of 1 Mev. It will be noted that an 
inorease in J (higher anguler momentum guantum number of 
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eompound nualeus) servee to inorexwe the megnitade of both 
the positive peak ond the negetive nesk, but foes not change 
the apresa between the peska. In other words, the anomly 
ie sherpened. 


The plot of _ in Pige & shows the strong deren= 
dence ssa theiiaed olthvarite on angle ond senseqguently the 
advantage ef using «n engle near 190°, It will be noted 
that at an angle of 90° the seettering iw slimost four times 
that at 150°, wherese 2t the latter angle it ie only 1.15 
timee the true beck seatter at 180°, 


Level Widths. 


Rose™® slao giveg a method for estimating the level 
width from experimental date. The maximum «n4 minimus 


#eattering ratiog were given by: 


{ b 
T(1,2) » where b # 2 eaca § 
ie ~ E,2 rewomange energy 
% g 2 energy velnuee at 
® méixfmaum end minimnm 
Vélnee of % 
Ry 22 mixinnm and minimum 
° Vilues of E 
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Since the only unknown ig oe the level width ean be found 
from this formula. 

Also the level width without Conlomb berrier aay be 
found from: 


3 2% P where G <= level width without 
r r * " Gonlomb barrier 
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P ia the penetrability esleuleted from well known for< 
mulse by Bethe”’, “ose ®lgo gives * aimele method of 4fe- 
termining J if interference aeattering ie negleated at 
the extrema of the anomaly. ‘The extrema are “leo given 
ey: 


and gince ( is *lae given by definition to be: 
r 


p (a3 41) (2) L san’ Gp foon6) 
g 


wh - Saf 
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the only unknown parameter is J. 

Resoninee enersy siwnya Lee between the extrema. 
The maixicum error therefore in taking 1t to lie midway 
between would be one-half the wopuration: between extrema 
er ebout one-fourth of the level width. ‘The effeat of 
etraggling, i.¢., beam eoreat in energy throagh the terget, 
in ghifting the higher extremum toward higher energies and 
lewer energy extremum towsrd lower energies, thue inereag- 
ing taeir seraretion by sboxt the etragg¢ling width, in- 
ereages the uncertainty in the resoninee energy by © Like 
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Resent Experiments. 

two groups 4% the University of “iesonein heve re- 
eentliy demonstreted the pewer of using el: stice gceattering 
to inveatigete exeited levels in light nuclei. 

Bender, Shoemeker, “aufmann, end Bouricine”” heave in- 
veatigated the 985. Kev. resonance in 4,27 by meine of the 
eleatie geattering of protona. “he variation in sasttering 
yield is in very good agreement with the ebove theory near 
the resontnce. fFleetic scattering ef nretong from ug®* was 
investipated throughout © range of preton energy from 0.40 
te 3.95 Mev. by Hooring, Xoester, Toldberg, Sexon, and 
feafmann.” 4nom@lies of verging shapes other then the type 
shown in Fig. 4 were discovered’. ‘The general digeuseien of 
the theory of such Snomalies has been mate by Lanbenstein 
end Laubenstein’-. This theory inelndee not only the inter- 
ference oruged by phase shifts induced by energy levels of 
the sempound nucleus but «leo that due te the hard ephere 
type of seattering. A vestor method of analysis of *nomalies 
is given which enables one to c®lenlate the shape of anoma- 
lies based on On aseumption of the total angular momentum 
of the compound nucleus. ‘The predicte’ gshepes for the 
various arbitrary values of J chosen ein be compared with 
the curves from experimental date. The “beat fit" then scan 
be assumed to yield the correct velue of J. 
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antlysia of the resonencer found in ig®4 by Mooring, 
Koeeter, @> ®1. “lone the line of the theory just wen= 
tiened. He vointe out thet the perity 9 of the exeited 
puslene is relsted to the pertty p of the ground estate of 
the torcet nuslene by the expresaion, 


Ps (=2)” Y 
where L le the orbitel ongulor momentum velue of the inei- 
feat proton with apin velue =. The Volue of iL ia given bye 


4 
Jai its 


fer target nuclei of goin zero. Sinee the quelitative 
shape of a resonance anomly depends strenely on rarticn- 
lay velues of J and L, the «nguler momentum snd perity 
nusber of energy level«e oun be determined. 
Since A*° 45 2 mmoleus of sero opin, it sutiefies the 
requirements of the above theerye 
We have geen that the following iafermetion ean be 
ebteined from en analysis of snomilee in elvetis aeatter~< 
ing of protens on muslei of enin sere: 
(a) nergy levela of exalted atetes of the compound 
nuslene, 
(>) Anguler momentum of exeited estates of the some 
pound nugleua, 
¢e) Reletive psrity nusbere of the exeite? etetes, 


{a) Level widithe of the regonunees, and 
(e) Level widthe without Coulomb berrier. 
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IV, APPARATUS: DRICUIPT ION, GALI ATION, BASIC CALOyarroNs 


The apparatue originally deeigued by Commanier A. 3. 
Chilton”, Uehe Navy, during hie eraduste vrork at The Chie 
Stete University ia shown in Tige Ge Tt soneiasts of five 
prinsipsi pertea: (1) © eonneating pleae which attaches ta 
the ent of the proten tube in the mannetia snelysing see 
tion of the Yan de Granff generator; (2%) the beam oolli~« 
miter which reetriste the proton beam to = diameter of O21” 
snd dirests it into the resetion chamber; (5) the reaction 
ohamber which serves algo 4a 4 Faratay onge, in which the 
groten resection oacure and the fon surrent is solleated 
after paseing through a niekel foil vrindow; {4} the re~ 
*etion sollimater songieting of three eolliinear porte, 
0.06" in diameter, alligned at « inboratory angle of 150° 
from the proton beom, ani which serves to define the target 
area and to slign the seattered perticlee entering the feo 
testion chamber; end (5) the counter itwelf, which ize a 
typical gea-filled provertion™1 counter eolleeting lonisae 
tion pulves from the aollimeted benm of resotion or waatte 
evead porticles entering vie the renetion collimeter. “he 
iaet of the three omali 0.06" porte in the renation oblli- 
mator ig mechiniesliy integral with the provertienal 
aounter, being in the end well of the seneitive shanber. 
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This end ~all of the counter @leo serves a¢ en elestro~ 
etetie shield between the Pereday enge oni sengitive vol~ 
umes 

Gertcain modificetione have been made in the original 
design. These include: {1) glese insulating rings sub- 

etitated for insite; (2) exeept for the entry port, com- 
pletely enclosing the sensitive volume with brass to avoid 
epurious counts due to 5 sapecity which formerly existed be- 
tween the floating end of the sentre] wire ond the Pereday 
wage; (3) sddition of the reaction collimator and modifics- 
tion of the proton beam collimstor; (4) shenging «11 inter- 
nel volves to the bellows type needle valve. 

The reaction collimsater serves to limit the extent of 
the proton beam from which the goattered protons ere being 
gounted. ‘The geometry of the apparatus ig euch thet the ex- 
treme thickness of the gsseoue target under eurveillence ia 
about 1.5 sentimeter. ‘ince the argon is under a reducet pres- 
sure of 75 mm. Hg, the equivelent thickness at standard pree+ 
sure is «bout 1 mm 

The sounting shamber is operated in the proportional 
region. It ia fitted with 4 gae manifold providing connec- 
Sione to ges tanks, Yoounm pump, @nd mereury aenometer. Mule 
tiple conneetione sllew mixtures to be uged and permit flex- 
ibility ef pressure control. 


A nickel feil window, 0.05 mil thiek «+ the end of the 
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beam solllmater provides & voounm seo] between the resotion 
ehenber ond the Yan de Graeff veounm sygtem, Thies foil is 
designed to vithatand « preseure of one otmogvhere agoinat 
the euter aide; bat ian eetual eperstion no more than 2560 
tite He is ever necessary cince 8 Voeguum crews connestion 
permite simiteneoug eveaustion of “11 porte of the avprri~ 
tua. After the vaounm is obteined, the velve in the croges 
goemmeetion ean be closed thug isoleting the manifold and 
gounting chamber from the Ven de Graaff voeuum system. 

the sentrel] wire of the proportions] sounter ia a & 
mil nickel wire aupportei et the free end in « glege espil- 
lery bulb encloved in © polystyrene mounting. ‘The other end 
poeses through © Stupskoff seal and thence to an smphenel 
sonnecter which atteehese direatly to the preamplifier. 


Elestronie Aposretus 

The preamplifier ie an Atomia Inegtrument do, Yreampli- 
fier £205<B, originaliy built to be used? with an tonisation 
chamber with o time congtant of 2.7 millisevonia. “he time 
cengtens his been changed to 7.5 wieregesonia to make 1% ap 
propriate for uge with a proportional eounter at fart eounte- 
ing ratez. Thige instrument hee two stages of wmplifieation 
end two eathode followers incorporating inverse feedback to 
aghieve e high order of guin stability. 2nlee amplifica- 
tion ie fixed st approximately 20. ‘4 epevial high voltage 
eoaxial etble wae built to sllew voltages up te 1200 volte 


te be impressed on the central wire of the vrovortionsal 
~ 30 « 
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gounter. Yilament and plate voltegeo sre anymlie! by a 
Model 204-3 amplifier built by ‘tomie Inetrument Ge. 

The outout from the pre~namplifier Le fet to the Model 
£04-3 Lingay Amplifier. The gain from thie inetrument is 
not toc eutential when ugedt with the 2065-3 Preeimmlifier: 
the amplifier ia uget 9 a pulee shaper ond 4iseriminegor. 

A MOloe amplitade digeriminater passes a1) pulees reer ived 
above that voltege get on the 4iseriminateor fisl. Linearity 
of 4101 setting is better than 25 from © te 100 volte. Three 
@ifferent rise times sre provided: & 0.4, and 6.2 mioroe 
geconia with deany times of about25 , 4 , umd0.4 miore= 
eeconts. Output from the 4iserisinator iz "© sonetant 10 voit, 
0.4 microsesond pulze -hich is fe@ toe & Model 1060 Atomle 
Ingtrument Co. Sasler. An osellloraene ic operate’ from the 
high level outent of the ompliffier. 

High voltage power for the sentrel rire of the propere 
tional counter io obtaines from « Model 1090, §000 wolt Rege 
wleted Pover Supply built by Nuclear Inetrument «nf Chemical 
Serporation. “hie pover somree oon surely either souitive 
oY negative voltage from sero to maximam value with rerulae 
tion to within 0.02% of output voltage. 

A gensitive integrator ie aonneeted to the Poratay enge 
te fetermine the total proten ton aharge aolleote’. “hig in« 
etrument was designed on? bullt by 7. Be te Boyae”* fur ing 
hig graduate work at The Ohio “tate University in 195R—-195£. 
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The integration le *esommlighed by sollestion of pogitive 
eharge on “ #peoisl polystyrene sondenver heving & eapa- 
eity of 0,992 microferad, which is sharge? to s negative 
potential of about 10 volte, the exnes value nuat be 
mesgured St the charging battery. The integrator hee a con~ 
trolling relay which operntes the acaler so that it regie=- 
tere only during the integration perio’. The inatrument 
may be get to operate for several different epesified 
eycles of charge and discharge of the integrating confen- 
ser from ome cycle to 24 ayslee of operation, dereniing on 
the intensity of the proten beam. Ome cycle of the inte~- 
grator will be equivelent to «= eherge given by the follew- 
ing expreseion: 


GS « CY = 0,982 where VY = battery voltage 
. in mlerosonlombs 


If the battery ie exsetly 10 volte, the charge vill be 
9.62 miorosoulombe which is equivalent to 6013 x 10" pro 
tetge The design w.g engh that one sysle would be approx 
imstely equivalent to sollestion of 10 microcoulombe or 
6.24 2 210°” protens. A gounting period of ten secontia 
would therefore meen « beam ourrent of 1 microampere. ‘the 
error of the integrator for lon currents greater than ©.06 
microumpere due te leckage ia lees then r i%. Por eharging 
voltages of abcut 10 volte the error in ccllested sharge 
due to leakege io therefore lesz than to.1%. Por rans of 
length greater than 10 sesonia (i.e. surrenta lees than 1 


mieroampere) the error 4ue to velay time ig lees than 0.5%. 
«» 52 @ 
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The integrator apvears to be dependable to within * 1% 
for ion beam currents of 0.06 to 1 microanmpere. 

The electronic and g*a filling systems sre chown in 
Pigs Ge A positive potential of +90 volte is maintained on 
the insuleted conneating piece to prevent seaondery e¢lectr= 
ona sesttered from the firet port ef the beam ecllimetor 
frem being collected in the Paredey eage end thus giving an 


erroneous integretion of besm current. 


Gelibration. 

The proton energy reeolation isa determined by © 1 tm. 
@lit 70 om. from the eenter of the magnet pole faces, The 
beam at this point hes been deflectec through en angle of 50° 
from the neutral beam axis of the Van de Graaff. The reso= 
lution is e@lenlated as follows: 

Let L 2 ength-of magnet pole face — 

ro2 roading of sere ®long which the been ie de- 
flected between magnet vole faces. 

2 @ngle through which beam ig feflectet. 
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= O.1 om/ 70 om = 1.43 x 10” 
Therefore, ax/r = -2.48 x 107° 

HWegleoting the variation uf the magnet ourreat, ar/r is ape 
proximately equal to aE /2x ginee x ia pronortionsl to Je. 
Using thie approximation, 

4z/E = 0.5% 
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er at an energy of 1 Meve, 48 = 5 kev, 

The magnet wee onlibrated for thie #11t wetting on the 
0.8735 Mev. giume regonnase of pid uging ® Li? tergete 

Muplifieetion faetere for the gae emplifiestion in the 
proportions] sounter were obtained by using on internal 
source of alphes eongisting of a thin layer of polonium 
guilt evaporsted on a tantalum dies. This woe inserted in 
the target mounting. The sounter wee filled’ with verious 
pregeures «ni at esch one the centrel wire voltage wae 
veried. ulse sizes were d4eteruined by obeervetion on an 
eseillosespe. In eotusl practice, the pilve gise wan maine 
Sained eonstent on the sareen of the oecillescone by verye 
img the gain on the linear amplifier. “he reference point 
Wee taken ce that gain nesegoury te produge the pulge 
height with the sounter voltage se low thet emplitieation 
wig egsentiolly unity, 1.¢., when the svounter wee onperuting 
in the lonieation shamber region. R«eiprestla of gain aet~ 
tings for « given sonetent preeaure then beoome the relative 
smpligiextieon feetore of the scunter tube sseuming the gain 
eetting for the lonisation region repregented en saplifie 
@ation of unity. Surves of amplifiestion faetora are plote 
ted in Figure 7. 

A 4Laeriminater ourve wae run on the internal 9220 
gouree. Data are given in Table I, ond the ourve ia plotted 


in Figure 4. 
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Sinse the terget for sonttering Trea orgon ile % moee 
eous terget, it wee negeesery to regort to c@etual meneure= 
mente of the geometry of the revetion volume to determine 
the terget thieknees from which the enermy epreed in the 
target wae computed, ‘tixzilsrly, the @ietancesfrom target 
volume to sengitive volume of the counter were meneureds 
These dietances sre resorted in Table It slong vith other 
experimentel mesourement te. 

The g0114 ongle «t the reaction sabteniied by the 9.06" 
entry port st the counter wall wee commuted to be: 

@o, > —2— sterndion for the mean @igtance of 7455 otis 

i444 
from target to entry port. Sinmec the entry port hee a diae 
meter of 0.06" or 0.152 am. the commutation ia: 

fa. = £152) 1 = 

4 x (7.65)" 3144 
Pros the geometry of the reaction golilm tor the perallax 


sterad lane 


gubtended by she terget La computed to bes 
i)” ee a 


the veristion in gonttering cngle (leberatery eystem) Le 


therefore, 
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"ear f = 8 .. 


The leboratory sonttering ongle ie chen, 
62 160° = wo 


Bese Gleulectonge 

The oonvereion of sauttering cngle from the labora- 
tory eyatem to the aenter of mica eyetem La saoomel’ shed 
by the reletion, 

Qe 2 + srootal 2 aia ; 


A 
where = #eattering angle, center of moe 


GO « seattering angle, leborsatory 
iy = *2e9 of proton 


a 2 Waa of saattering nmoleus 


Sabetituting volues for maga of orgon nuglens ant Labor= 
atery engle, 


& BO : 4 e ”- z By tas? e Ba 
0. = B 180 + eres a [2.x 0.6] = ofl BO + O a 
6. « £6205 (reftiane) 
~» 151°43.1° 
The reduce? mige of the preten for elastio apllieion 


vith an argon oicleus ia: 
¥ 


Ps 
u bd re 2 a 4 OH, 98S apy 
@ 1.642 x 1074 pron, 


Energy oonvergion from the laboratory eyetem to the conter= 
ofemase wystem is given by: 
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In order to determine what the energy of the proten i# 
at the gonttering nucleus, it ie nesesstry te atleulate the 
lows in energy of the beau while pueeing through the nigke} 
window and the filling gae between the einatow and reaction 
Volume. 

Ghilten”” hee gompate’ the energy thiokness of the 
0.00005" nickel foi] window for verioue energies of protons. — 
The energy of the benm mime thie volue is the net energy 
evalleble in the retotion chamber at the window. Thies hea 
been plotted ee Curve I in Pigure 10. 

In computing the lege in energy due ta poesege through - 
the filling gas, we mike use of the range table for pire 
ergon baged on experimentel ond theeretieas1] eonelterations 
by Hirsehfelder ani Magee”5, thewe data ore plotted as « 
range ourve in Figure 9, The presenee of 10% GO, ia not 
sonsidered to effect the gorrectness of the anlonletions 
oting to the uncertainities of the besie date ond the in- 
seeuracies of meneurement of the dimensione of the appara- 
tke 

Furthermore, the presvense of 10% 6» ie not considered 
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to have eny eppreaiable effet on the intensity of Coulomb 
eeettering inteauch 2a the croge-section for thia tyne of 
goattering is proportional to the fourth power of % ‘The 
average Z for GO» ig 7.5 while for 4 it is 18 “he ratio 
of erose-seotion due to argon to thet due toe GO, {bewe4 on 
90% 4, 10% Gv,) is: 

a. 16° x 009 2 2245 x10" 500 

TO, 23° x 0.1 187 
In other word the maxismm error in neglesting the 10% G0, 
ig ebout 0.2%. 

Ve may proceed to © se-lenlation of the energy losses 
ia the various svortiens of the reagtion ani sounting cham- 
berg using the experimental messuremente ani the range | 
carve for argon. ‘The filling ges ie at a preseure of 75 mae 
ig go all range mesguremente amet be reduced by the factor, 
75/760. 

fable IfI ig computation of reeidual renges and sor- 
reeponding energies in orgon 4¢ the extremities of the re- 
Setion volume for various initial beam energies. The dif- 
ference between these energies is the evpread in energy of 
elestieslly seattered wrotons due to thieknewts of the 
gaseous teurget. It is ome factor in the experimental ree- 
olution. 

Table IV is « computation of residual rengea ond cere 
responding energies of elastier-lily seattere’ protena upon 
reaching the sensitive volume of the aounter. the spread 
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in thege energies in © menoure of the difference in pulse 
gises produced by the proportional sounter. It will be 
neted that a lerge spread in these energies will ive an 
apparent increage in sounting rate s@ energy ie increaged 
sbove the threchold energy for sounting, gontrary te the 
theoretionl resiproeal relation of Coulomb seattering to 
energy equere? (Pigure Se) That ie, the counting rate will 
insreage until the entire epren4 of elagtieslly acattered 
protene are entering the provortionsl counter. “hie sooure 
when the acattere’ proton Bag en energy (leboratory system) 
of about 635 kev. ‘hie value ie arrived »t by taking the 
distanee from target to counter (see Mig. 9) which ia the 
range of the minimum enerzy “hich aan just reach the sounter 
or 515 kev. and adding the straggling of 20 kev. 


Semple Cowputation for Table Itt. 
Beim ener zy 1 Mev. Hange £e56 om. 
Lege in Hi window 0.145 Mev. 
E @t internel fase of Mi 6,556 “8 pare £2.05 ms 
“Letense to retetion volume: 
Min Laas 1.30 om Fyuivelent Tange Oe llGom 
Moximom 2053 ” i” O- 230 


Regiducl rengee of el*atieslly protons: 
Meximum, 260% ~ 0.128 = 1.90 ome BNET EY » Oe8E0 Neve 
Minimum, 2.03 «= 6.239 = 1.80 om 0.792 ” 


Mnergy thieknegs of tar e028 HEVe 
Averoge energy of elsat ot eenttered protons, 0. 906 
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Semple Gompatation for Tnble IN. 


Reaction rangea and energies: R g 
Mexinuam 16909 Gime 0.820 Mev. 
Binimam 1.90 om. O.792 * 

Paieteances to sengitive sclume: Equivelent ranges: 
Vaxtmum 15.4 Ome 1.025 om 
Mintmann 94 Bie 0,922 om 

Residuel ranges «nd energies in aeunter: RF g 

 ~Mexioum (1.90 - 0.929) Oe97 Gite 0.613 Mev. 
Mininenm {1.80 - 1.029 O77 Gite 0.427 * 

Spreed in range, DekO Bis 

Spread in energy, — 0,086 Mev. 

Averege energy of aounted protons, 0.476 " 


Spread in setual digtance travelled? in counter, 2.143 am 
Tale ie the worst possible sonfition ond not the most pro~ 
beable. To urrive 2% the most probable spread in energies 
ond therefore pulse sizes and enerzy resolution, we may 


treat the subject completely ae 4 straggling problem. 


Suragel ings 

Ho a¢eount hie go far been taken of etrazsgling in the 
miesgel feil or in the filling gaa, or of beam regolution 
due to elit width. 

Straggling in the nickel foil «nd argon gee hag been 
treated es far ag pregent theory permita by Chilten’® whe 
hes computed the straggling for the pertioular ance from a 
formula eredited to Masksen and Venkateswarlu”®, 
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where, 

OQ - stenderd deviation jn ray lowe (ergs) 

: : iaiauabes predate te. Fm wd ( ¢/om™} ‘ 
Subgatitating deta for Mi feil of thivknese 0, 009085" 
fequivelent to 1.13 mg/am") yields: 

a. = Bett x 10% gp sy® 


“4 2 
= %826 x10 Mev. 


9 a / 
Tt P 6.0001 Heve 


Por the gta from wintow to reaction volume the wverage 
digtanse 1¢ 1.82 am, At stmosvherbe presenre one oenti~- 
meter of the gie Le equivsient to 1.78 x 20" g/ou’. Por 
16828 om. of gos St 75 wa. preavure ve find the thieknese 
to be: 

1698 x 1.78 x 107° x =. 2 3.20 x 10°" g/om 


Sabatituting thia inate the formuls we get for the gas: 


2. 00243 x 107% exge® 


eo o 
= 0.0559 x10 Mev" 
as 0.00236 Mev. 


Hg 


“@ may seoume from the geometry of the reaction vol- 
uae thet more than 50° of the reaction tokee slace tn a 
geometrio:1 50% sone atreddiing the wid-point of the tare 
get. Therefore, if the extreme enersy evres’ in the tare 
get ie £8 kev, (for «ninitisl beam energy of 1 Mev.) we 
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e4n aeeame thet more then 50% of the eloetienlly senttered 
protons will heve on energy spread of lees then 14 kev. 

If we egonsider thie s¢@ 4 form of straggling we may conbine 
thie figure with the straggling due to the Hi winfow and 
thet due to geo between window ond target, ani with the 
beam regolution of 5 kev. defined by the 1 mm, elit. 


mail ce + 2 + 8&8 + & - 
oe ae nO ae 


¥ | tes ~ 82.5 = 566 = 196) x 10% | ” Mev. 
~T 0.0176 Mev. 
Thie 1@ ® conservative volne for the moet probeble experi- 
mental regolution atteined in the eleetica seattering re- 
setion. If the mean energy “t the target is 0.806 Meve, 
the experimentel revolution is therefore 2.2%. 

Curve II of Figure 10 ie the mean energy of the re=- 
sation Va. the beam energy. 

Carve Ifl of Pigure 10 ie the mesn energy of elaati- 
@slly seattered protons reaching the sensitive volume of 
the eounter. The sensitive volume relative to target is 
indiested on the range curve of Yigure 9. ‘hie showe that 
en @lestieally ecattered proton with on enerey of 0.515 
Meve Will jast reach the gensitive volume at & preaeure of 
75 wma. Hg ond that a seattercd proten of 1.020 Mev. enerzy 
will reach the extreme limit of the sengitive volume. Since 
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the Bragg ionisation curve show# that the mojor vortion 
of ionisation of « shurget pertisle travelling through « 
ges 19 mear the enf of ite track, the perticles vith an 
initicl renetion energy of 0.9 to 1.0 Mev. will be most 
effielentiy sounted 2% a pregeure of 75 mm He. “his is 
the sondition desired for inveetigsting a revonsnee level 
mear 0.900 Hev. 
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Some of the experiments] di ffisulties ensountered 
were: (1) age of & nivkel window reguired beam energies 
songiderably in exeeas of energies desired in the reaction, 
(2) requirements of © moderate gounting rate neceasitated 
& @m@l1 restrieting spertare which ont down ion current 
appreximetely to O.1 to 064 miereaoulombs, (5) a 1 mm. 
alit for modest beam regolution sowbined with the ree 
etrioting beam «perture required some finew#e in aligning 
apraratas, and (4) gas preesure in the resetion and eount- 
img chomberg hed to be reduced to 50 wa. (Hg) oreasure 
in order te reiee the minimum energy of sentiered protons 
ree¢hing the senvitive volhome. The extent of the sensi-« 
tive volome et 50 wa, (Hg) hew been aide? to the range- 
energy curve in Figure 9 in e4aition to the delinea« 
tien of thie region for 75 mme (Be) pregeure. Yith thie 
preseure the minimum energy esaattere’ protons, which 
resch the sensitive volume, ig 375 kev., "ni the energy 
of protons vhish Just reach the fer ent of the eventiqe 
tive volume is 780 kev. ‘hie meine thet protons which 
are geattered with an energy of grenter then 750 kev. 
will produce slightly legs tonizetion than thove just be~ 
low the 700 kev. level. Thie ~ee found to be true in 
Sgtual operstion; *nd eongequently, “plifier gain hed te 
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be set up to “bout 14 in order thet pulees would be lerge 
enough to ineure sounting #11 pretenses vith © fixed bise 
voltege. 

vo rune were wade counting the saatiered protens 
from ergon gone at 50 ma. (Hz) preseure. Fun #1 waa mode 
ever the range of inaldent preton energies from 690 Keve 
to 1100 zev. inclavive. ‘The data for file rum ore slotted 
in Figure 11. “Thie ourve shows « definite enomely at 
908 Kev. An axbitrary Coulomb geattering curve Le super 
imposed ghowing « definite rieing trend -way from pare 
Sonlomb aoattering. Thie san be sttribate’ lergely to 6 
nuglear gonttering of the hard evhere type. 


The Gonlemb croeg-section per unit colif ongle ie: 
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where % pv (erga) 


Me reduced mage of vreton 
® 1.63 x 10° g, 


The oross-seatieon per anit solid angle due to a hard 
ephere type of seattering is: 
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If ve segleet interferense between Sonlomh cn’ smolear 
potential eeitseriag ond attribate the tetal ororw-reation 
$0 * gum of the tea effeote, 

T ay * T, 
Bow, the ausoder of acliecie: goattere® pertidier esounte?d ia 
& wlld ongle of 1/8144 steredinn Le: 
a6) sae / ma 
where ©, ¢ tuuber of tneident portialee 

M » tunber of ctome J o¢e 

t «» shiskneas of target fom) 
& de the saly poraseter set kmoen with any dearee ef eoaure 
way, bat the ehape of the geottering sestion of the gueeone 
sorges ia that of a narrow cong intersgeating © marrot 
egiiater 6% sm angle of SO, The extreme thigtmess of 
Serqet gestion ig 1-05 om, Gut the effestive thisknews ia 
qomewhere between Oe20 oni 0.50 am, Tf we smeume thie ef~ 
fegtive thickae@e to Se Gedid cit the muber of aolleated 
goatieret portieles «+ em energy of 20 Reve Le 4000 per 
10.9 mioroevalombes, These aomtiltienes then revrement the 
existing conditions ot the groge<over ef the onom Lye. 

Voing thle Value of 6 » Ge366 om “a0 other experimen- 
tol eonditions, the values of 7 and a (0) were aomputed 
aad tabalated in Table %. These seenartlone are ant oom 
eidere? to be ons Of line from moet prebsbiy sireusetances, 
api £t wild be mote? that a wiot of a (0) for werious ener~ 
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gies felle very clove to the exnerimentel curve obteined 
except for the anomely. 

Prom # eflibration run on a LiF target the proten en- 
ergy ®t the cross-over of the anomaly ic 903 kev. Exper- 
imental resolution of only “bont 20 kev. prevents an socurate 
leestion of the maximum enéd minimum points of the ano- 
maly. 

This result agrees well with the resenance level of 
900 kev. found in argon by Brostrdm, Huns, end toon”? in 
1943, It demonstratea aleo that anomalies in elastic 
seattering of protons may be detected by thie method of 
using « propvortion®l counter even for atoms with Z-nunmber 
up to 18. 

4 gesond run wee mede which verifies not only the 
existence of the anomaly at 906 kev. but © smelier anomaly 
reapre*re ond is suggested? ae being eunerimposed on the 
principel one at an energy of chout 945 kev. There was 
apparently = shift in magnet ealibration between the first 
run ond the seyond; but the energy spread in the anomaly 
ana the energy difference between the two anomilies is 
the game. The first czlibretion on the Lif torget is sesumed 
eorreot. The sesond run ig shown in Pignre 12. <A very 
@light veriation in sounting rete is note? but this may 
be due to insesuracy in sdjueting the evs preeeaure in the 
chamber. 
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The magnet oslibration Le imiigated on Piguree 12 
ami 12 with the smomsly loerted a4 908 kheve in Pigure 12, 

4 @igerimineter carve on senttered protony at energy 
ef 650 ere 2% the port of the prorertional sounter is 
ghowa in Figure 15. 


fi) & regommee level in x hie been Loosted by 
meane of proton bombordment of 1° ons obeerwation of an 
anomily inthe eloetie senttering wleece thie level a% a 
proton energy of 903 kev. { 410 kev.) 
| {2) ‘The feewibility of asing © provertional counter 
te obverve Gnomelies in the eleetia aeattering of « gan 
hse been demonstrated. } 

(3) Plestie seattering in A*° 24 energies between 
7iG and 11235 kev. ond at a leboretory soattering angle ef 
150° follows olevely thet prefieted from * somputation of 
the ditferenticl erose-eeations duc to eupercosition of 
Coulomb scattering ond ecatiering from an iapenetrable 
sphere. 
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Vig FUGGEIIONS POR PUTUNE EXP: DENTS 


Selita Tergete. 

Ag etoted in Seotion I, one of the 4iffienities of 
u@ing the present sprerataus for zolid targets i+ thet visuel 
ebservation of the beem Le ebatructed anf alignment ie exe 

 $remely diffieult espeaisily gincse the very sore of the 
proten beam mwuet pees through & golligeter of only 0.1" 
SLameter. 

A slight mo@ifieation enn be made by songiruating «a 
moveable mounting for a golid terget en & eaili ehaft ine 
gerted through the wll of the reaction ehtimber or Paraday 
enge, plecee (2) and (3) of Pigure 5. A veounm seal gland 
would, of course, be nesesstiry to avoid loge of preesare or 
vTieuus in the chamber. ‘ith thie modifiestion, s selid ture 
ge% eould be mounted, the &ppxretug sloged and evagnsted, 
and with the target awung out of the line of wight, the 
beem gould be vieusaliy monitored ond the apetratar #ligned. 
Then, the target could be ewang beck into the proper posie 
tion for bomberdment. — 


Gaseous Targets. 

With the use of @ thin mies wiadew over the entry port 
of the gounting chamber, 1% would be possible to have one 
gas mixture in the proverticnal sonnter and another in the 
reagtion ohamaber, Zotmrclly, sestrate gor filling connes-= 
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ana & Vaguus gonmectlon would hove to be incorporsted 
for the resetion chimber ginse it vould be Isolated 
from the sousting chouber which now acrries the gas 
filling sonnestions «nf vaounm eonneot lon. 

With thie modifieution it would be possible to ob- 
werve oaotvering am perticle regonanee resetiong in dite 
ferent gigee while et11l keeping the oounting go@ the 
SAME e 
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Vil. TABLES 
2aBLE E 


Diseriminstor Curve on po®lO Taternsl Souree. 


Pressure 200 mm Ur. 

Gentrel Wire Voltcge, +800 volte. 
Rige time, 0.2 siereseconiz. 
Using Model 205-3 Presmplifier. 
Amplifier Goin, 2. 


Dieeriminator Alvhss 

Bieg Voltage Counts ver minute 
2 218 
5 201 
10 144 
LE 148 
20 136 
25 138 
39 136 
32 i36 
35 136 
38 98 
40 58 
42 39 
Aa & 
46 1 
48 0 
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Bickel Window to Resstion Yolnume: 


Minimun 1.50 om 
voximoanm 2e33 ome 
Mesn 1282 om 


Recetion Volume te Seneitive Yolume of Proportional Counter: 


“inte Ded Bie 
Max Loman 10e4 am. 
Mean 9.9 om, 


Genter of Target Volume to: 


Meer Mné of Sensitive Yolnme 9.9 om 
Par End of Sensitive Volume 26.9 am. 


Length of Sensitive Yolume: L7e0 Om. 

Length of Kexetion Collimetor: eG Ome 

“dameter of Collimetor Porta: 0-06" (0.162 am.) 
Thiokne@s of Niekel Poll Yintew;: 0.00005 "(0.000LE7 ame ) 
Leboratory Seattering Angle: 150° = 1,9° 

Miemeter ef Beam Aperture: Sel” (2.54 mm.) 
944th of Beam S1Lt: 1 Mitts 
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TABLE Itt 


Computation of Resetion nergy of Protons (m, ) 


Pyeum **%*? 900 2000 2100 2200 
® goa, (eve) 745 855 963 Lovo 
Range at foil (om. 1.65 2.03 Beis 2086 
A R (6 GSem, } 208 208 208 008 
Ry fom.) 1.57 1.98 teSh ie 78 
AR, (25 atte) ei5 el6 olf 035 
Re fom) 1.50 1088 £—20 BeTl 
B, (kev.) 718 830 940 1080 
By (kev. } 596 oe ORE 1033 
A® (kev) a2 18 18 1? 
AR, (1692 om) 18 olf if o12 
R, fame) 163 89 10 72 eS Be 4 
z. (kev. ) 706 820 931 1042 


a8, 2 “re minimum ond moxie thieknesa eof gue in 
chamber at 50 ma. (Me) preaeure refuced to equivalent 
ronge at 760 tm, 
Values of Ey, ore plotted 4a Curve T in igure 10, 
Frlues of _ ere pletted ea Carve IT in Pigure 10. 
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B (eve) 900 8691000 1100 1200 
H, (Table [1t) 706 820 931 1042 
EB, (B, x 0.975) 689 800 909 1018 
R, (ome) 1047 1.83 2.22 2264 
AR, (9.4 om.) 262 «62 262 062 
R, (om) «85 8 8=1.22 1.60 2.02 
AR, (10.4 om.) 068 268 268 268 
Ry (ome) of? «2.28 1.64 1.95 
B, (keve) 466 601 730 853 
E, (kev.) 440 568 707 850 
A® (kev) 26 24 23 23 
AR, (9.9 om.) 065 839 65 065 065 
R, (om) 82 1.18 1.67 1.99 
&, (kev.) 452 693 720 BAL 


ORB, 2 ere minimwas ond meximunm digtanse from target 

te entry port of counter re@ueet to 760 mm (Hr) preseure 
ag in Table ITI. 

Velues of z. are plotted #9 Carve [II in igure 10, 
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A ( =x 10°" om) Se46 S84 5.04 2689 2.76 

af, rate! 2932 «=o. 994 12060 1.114 1.167 
eRe aecrees) 53.6 56.95° 60.76° 63.8° 66.9° 
ain (SA) 0644 4.702 761 2805 4846 

' | 

+ (barns) Se82 BeBB 2098 2666 2643 
vy (barns) 2.46 2034 2.26 Beeld 2. O65 
Te fbarne} e399 «75 260 248 24D 
T (darna) 3048 3.09 3.86 2.62 8-45 
a (0) | 4820 4380 4000 S670 3450 


+ 
TF" % 
m(O)= n,Nto-/5144 
& = 02366 om. 
n, 6430 x 10 provons/10.9 
1? ube 
M2le?7? x10 atome/ace 
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TABLE VI 


E, = 650 kev. “% counter port. Counter pressure, 50 mm 
(Hg). 

Counter voltege,+t620 volte 

Gag: 90% Ay 10% * G6, 

Rige time, 0.2 psec. 

Amplifier Gain, 14 


Bise Voltege Gountea/ 20.9 nt. 
5 4697 
10 413 
20 4271 
30 4240 
40 4122 
50 3051 
56 3402 
60 S00 
65 2199 
70 938 
76 247 
30 8 
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D66 Dorsett 
Investigation of 
proton induced reactions 
in light nuclei using 
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